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Target of TP1 Frequenz
 Development of validated noise prediction tools
 Introduction of new noise prediction tools into industry
- Computational noise prediction for turbulence related noise problems   
(airframe noise, jet noise)  
- Identification of source mechanisms at aircraft components
- Introduction of noise prediction capabilities into the design process
- Making a step towards optimized low noise design
- Experimental and theoretical validation of methods
- Improvement of methods
- Validation of numerical methods at realistic noise sources
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Partners in TP1
 Industry
- Airbus Deutschland
- Rolls-Royce Deutschland
- EADS-Corporate Research Center
 Research establishment
- DLR Institute of aerodynamics and flow technology 
 Universities
- RWTH Aachen, Aerodynamic Institute (AIA)
- TU Berlin, Institute of fluid mechanics and technical acoustics
(ISTA)
- University of Stuttgart, Inst. of aerodynamics and gas 
dynamics (IAG)
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Ref.-Configuration
& Variations
RANS
LES
APE/LEE
Stoch. source
APE
LEE/FWH
Sound
Simulation
Source
mechanisms
Method
evaluation
Evaluation of
Reductions
Noise Reduction Concepts
Problem definition Simulation Application
RANS: Reynolds Averaged Navier-Stokes Gleichungen
LES: Large Eddy Simulation
DES: Detached Eddy Simulation
(N)LDE: (Non)Linear Disturbance Equations
LEE: Linearised Euler Equations
APE: Acoustic Perturbation Equations
FWH: Ffowcs-Williams Hawkings Integral
Kirchh: Kirchhoff Integral
TP 1 
Slat Noise Simulations / Noise Reduction via Slat Cove Fillers
TP 3
TP 2
LEE
Test Vortex
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2D block structured CAA mesh,
64500 grid points,
16 blocks,
total size appr. 3x3 chord lengths
Injection of test vortex close
to lower side of the slat
Low-cost design tools: 
i) Test vortex seeding
Airbus D
Flow
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Low-cost design tools: 
Slat Gap / Overlap variations
via Test Vortex Seeding
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SNGRi. Random Fouriermodes*
ii. White Noise Filtering
iii. .
iv. .
Time averaged 
turbulent flow 
problem
CFD: Steady
RANS
Stochastic model for 
turbulent fluctuations
(time domain)
CAA: APE /LEE
Sound Propagation
(time domain)
Acoustic 
far-field
Mean-flow
Stationary 
turbulent 
properties:
local length scale/turb. 
kinetic energy/anisotropy
Unsteady vortex 
sound sources
Stochastic methods
in comp. physics
Stochastic methods
used in CAA
SDF/RPM model
*Kraichnan 1970,76
Low-cost design tools: 
ii) Stochastic Sound Sources
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Aerodynamics  Slat configuration alpha=13° v=56m/s
Simulation CRC Code Aeolus:
Ma=0.16
Re=1.4 Mio
alpha=13°
Turbulence model: k-ω Menter SST
Flux-Vector-Splitting method
Ma number Turbulence kinetic energy Length scale
Stochastic modelling of a turbulent velocity field
via random fourier modes (SNGR)
Bailly & Juve AIAA 99-1872
Source terms LEE
Kolb, Schneider, Grünewald  CRC LG-MD
Stochastic Sound Sources
via SNGR
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Acoustics  Slat configuration alpha=13° v=56m/s
Sound propagation  Finitie Volume Code LEE
∝F-2
Instantaneous Pressure plot of a certain moment
Kolb, Schneider, Grünewald  EADS CRC LG-MD
∝F-2 comparable decay
in measurements
 similar behaviour & tendancy
 wind tunnel effects not recognized
 no acoustic feedback mechanisms 
Stochastic Sound Sources
via SNGR
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Small Scalenear field (source domain) pressure
Slat Noise Simulation 
via RPM*
source domain
TKE: RANS target TKE: RPM realization 
*) Ewert, AIAA  Pap. 2005-2862, 2006-2667
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*) Ewert, AIAA  Pap. 2005-2862, 2006-2667
1.5c
c=0.4m
1kHz
Stochastic Sound Sources
via RPM*
8kHz
Snapshot of pressure
Directivity
Directivity Circle
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Narrow band spectra 250k coarse and 1M 
fine grid, comparison with AWB findings
1/3 octave spectrum, comparison 
with empirical model of Dobrzynski
Stochastic Sound Sources
via RPM
RPM
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M=.088 M=.118 M=.165
65.1Mpeff ∝
3.3
2 Mi D ∝ (2D)
3.4
3 Mi D ∝ (3D)
Stochastic Sound Sources
via RPM: Mach number scaling
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Far-field (acoustic) pressure
Flow: TAU
Acoustics: PIANO
Slat Noise Simulation
via RPM
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LES
Numerical Methods / 
Solver
 3D Navier-Stokes equations
 50 milion grid points MiLES approach
 Finite volume scheme structured meshes
 Diffusive terms: central differences O(∆h2)
 Convective terms: Modified AUSM scheme 
O(∆h2)
 Explicit Runge Kutta or implicit dual time stepping 
scheme O(∆t2)
 Characteristic and Sponge layer BCs
 Parallelized and vectorized (NEC-SX 8, Stuttgart)
Every 3rd point
Every 2nd point
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LES
λ2 contours
Mach number mapped onto λ2 contours
Ma=0.16
Re=1.4E6
α=13°
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LES
Turbulence Kinetic Energy
Ma=0.16
Re=1.4E6
α=13°
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Ref.-TED
& Variations
DES
Kirchhoff
LEE/FWH
Sound 
Simulation Source
mechanisms
Method
evaluation
Problem definition Simulation Application
RANS: Reynolds Averaged Navier-Stokes Gleichungen
LES: Large Eddy Simulation
DES: Detached Eddy Simulation
(N)LDE: (Non)Linear Disturbance Equations
LEE: Linearised Euler Equations
APE: Acoustic Perturbation Equations
FWH: Ffowcs-Williams Hawkings Integral
Kirchh: Kirchhoff Integral
TP 1
Noise Simulations of MiniTEDs
TP 2
Euronoise 2006, 30 May  1 June 2006, 
Tampere, Finland
19
Förderung des Vorhabens: 
Bundesministerium
für Wirtschaft 
und Arbeit
MiniTED
Experiment vs. Simulation
Clean & TED 90°
 Re = 1 400 000
 Ma =  0.15
 α = 7°
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Experiment
Very good agreement 
between RANS and 
highly resolved DES 
Solutions in the pressure 
distribution
IAG, Uni Stuttgart
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URANS: MiniTED
 URANS with k-ω model
 Fully turbulent 
computation
 Only macroscopic 
structures are provided  
by the simulation
Velocity field
IAG, Uni Stuttgart
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DES: MiniTED
Isosurfaces of velocity Isosurfaces of vorticity
IAG, Uni Stuttgart
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Ref. Nozzle
& Variations
RANS
DES
LDE adj.
LDE 
Stoch. 
sources
LEE/FW-H
Sound
Simulation
Source
mechanisms
Method
evaluation
Evalulation of
Nozzle 
designs
TP 3
Noise reduction concepts
RANS: Reynolds Averaged Navier-Stokes Gleichungen
LES: Large Eddy Simulation
DES: Detached Eddy Simulation
(N)LDE: (Non)Linear Disturbance Equations
LEE: Linearised Euler Equations
APE: Acoustic Perturbation Equations
FWH: Ffowcs-Williams Hawkings Integral
Kirchh: Kirchhoff Integral
Problem definition Simulation Application of methods
TP 1
Noise Simulations of Serrated Nozzle Concepts
TP 2
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Jet Noise via DES
SIMULATION OF A MA=0.9 COAXIAL JET 
RANS
DES
bypass stream
core stream
ISTA, TU Berlin
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data collectionon on surface
FWH integration
Fourier analysis
Jet Noise via DES
Far-field extrapolation
ISTA, TU Berlin
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Summary and Conclusion
! TP 1 of Frequenz aims at developing and applying 
Computational Aeroacoustics (CAA) methods to three selected 
aeroacoustic problems:
- Slat Cove Filler (Slat Noise)
- Trailing edge devices (Trailing edge noise)
- Serrated Nozzles (Jet Noise)
! CAA Methods of different levels of complexity are applied 
! First high-fidelity unsteady simulations (LES,DES) have been 
conducted  
! Low-cost CAA design methods based on (steady) RANS show 
promising capabilities 
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! Target: 
! Assessment of the influence of design parameter variations on the acoustic far-field 
for high Reynolds number problems (prediction of deltas sufficient)
! Computational effort ≈ hours on a PC
! Approach: 
! Perturbation equations (NLDE,LEE,APE) to simulate sound propagation in non-
uniform flow including complex geometries 
! Modeling of vortex sound sources to simulate turbulence related acoustic sound 
generation
! Vortex seeding: representation of one turbulent eddy through a test vortex
! Stochastic modeling of time-domain sources based on RANS as a stationary 
description of the turbulent flow problem    
o=Overlap
Design parameter set
Low-cost design tools 
for turbulence related noise
g=Gap
